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USE OF ANTI-TISSUE FACTOR ANTIBODIES 
FOR TREATING THROMBOSES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation-in-part of 
US. application Ser. No. 09/ 990,586 entitled Antibodies For 
Inhibiting Blood Coagulation and Methods of Use Thereof by 
Jiao, J. et al as ?led on Nov. 21, 2001, Which application 
claims priority to US. Provisional Application U.S. Ser. No. 
60/343,306 as ?led on Oct. 29, 2001. The present application 
claims further priority to US. Ser. No. 09/293,854 as ?led on 
Apr. 16, 1999 Which application is a continuation of US. Ser. 
No. 08/814,806 (now US. Pat. No. 5,986,065) as ?led on 
Mar. 10, 1997 and published as PCT Application No. PCT/ 
US98/04644 (WO 98/40408). The disclosures of said US. 
application Ser. Nos. 09/990,586; 60/343,306; 09/293,854; 
08/814,806; and W0 98/ 40408 are each incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to novel human tissue 
factor antibodies and methods of using the antibodies to 
inhibit tissue factor-related functions such as blood coagula 
tion, angiogenesis, tumor groWth and metastasis, and in?am 
mation. In particular, the invention relates to novel antibodies 
that can speci?cally bind native human tissue factor With high 
a?inity and prevent factor X or factor IX binding and activa 
tion. The antibodies of the invention are useful for a variety of 
applications, particularly for reducing thrombosis in vivo. 
[0004] 2. Background 
[0005] Blood clotting assists homeostasis by minimiZing 
blood loss. Generally, blood clotting requires vessel damage, 
platelet aggregation, activation of coagulation factors, and 
inhibition of ?brinolysis. The coagulation factors act through 
a cascade that relates the vessel damage to formation of a 
blood clot (see generally L. Stryer, Biochemistry, 3rd Ed, 
W.H. Freeman Co., NeW York; and A. G. Gilman et al., The 
Pharmacological Basis of Therapeutics, 8th Edition, 
McGraW Hill Inc., NeW York, pp. 1311-1331). 
[0006] There is general agreement that factor X (FX) acti 
vation to factor Xa (FXa) (or factor IX activation to factor 
IXa) is a critical step in the blood coagulation process. Gen 
erally, FX (or FIX) is converted to FXa (or FIXa) by binding 
a catalytically active complex that includes “tissue factor” 
(TF). TF is a controllably-expressed cell membrane protein 
that binds factor VII/VIIa (FVII/FVIIa) to produce the cata 
lytically active complex (TFzFVIIa). A blood clot folloWs 
FXa-mediated activation of prothrombin to thrombin, Which 
then converts ?brinogen to ?brin and activates platelets. 
Blood clotting can be minimiZed by inactivation of TF to 
non-native forms Which cannot optimally produce the 
TFzFVIIa complex. Excessive activation of the coagulation 
cascade through formation of FXa (or FIXa) by TFzFVIIa 
complex is believed to contribute to various thromboses 
including restenosis. 
[0007] Thrombosis may be associated With invasive medi 
cal procedures including but not limited to cardiac surgery 
(e.g. angioplasty), abdominothoracic surgery, arterial sur 
gery, peripheral vascular bypass grafts or coronary artery 
bypass grafts, deployment of an implementation (e.g., a stent 
or catheter), arterio-venous shunts or ?stulas, reconstructive 
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or plastic surgery or endarterectomy. Further, thrombosis 
may accompany various thromboembolic disorders and 
coagulopathies such as stroke, pulmonary embolism (e.g., 
atrial ?brillation With emboliZation), coronary artery disease 
or acute coronary syndromes (e.g., unstable angina or myo 
cardial infarction), atherosclerosis or other thrombo-occlu 
sive disorders, deep vein thrombosis and disseminated intra 
vascular coagulation, etc. Manipulation of body ?uids can 
also result in an undesirable thrombus, particularly in blood 
transfusions or ?uid sampling, as Well as procedures involv 
ing extracorporeal circulation (e. g., cardiopulmonary bypass 
surgery) and renal dialysis. 
[0008] More generally, thromboses particularly amenable 
to prevention or treatment include those associated With car 

diovascular disease, for instance, coronary artery disease, 
acute coronary syndrome, and atherosclerosis. Other particu 
lar thromboses include those associated With angioplasty or 
restenosis. 
[0009] Anti-coagulants are frequently used to alleviate or 
avoid blood clots associated With thrombosis. Blood clotting 
often can be minimiZed or eliminated by administering a 
suitable anti-coagulant or mixture thereof, including one or 
more of a coumarin derivative (e.g., Warfarin, Coumadin or 
dicumarol) or a charged polymer (e. g., heparin, loW molecu 
lar Weight heparin, pentosan, hirudin or hirulog) or anti 
platelet agents (e.g., ReoPro, Integrilin, Aggrestat, Plavix, 
Ticlid or aspirin). See e.g., Gilman et al., supra, R. J. Beiger 
ing et al., Ann. Hematol, 72:177 (1996); J. D. Willerson, 
Circulation, 94:866 (1996). 
[0010] HoWever, use of anti-coagulants is often associated 
With side effects such as hemorrhaging, re-occlusion, “White 
clot” syndrome, irritation, birth defects, thrombocytopenia 
and hepatic dysfunction. Long-term administration of anti 
coagulants can particularly increase risk of life-threatening 
illness (see e.g., Gilman et al., supra). 
[0011] Certain antibodies With anti-platelet activity have 
also been used to alleviate various thromboses. For example, 
ReoPro® is a therapeutic antibody fragment that is routinely 
administered to alleviate various thromboembolic disorders 
such as those arising from angioplasty, myocardial infarction, 
unstable angina and coronary artery stenoses. Additionally, 
ReoPro® can be used as a prophylactic to reduce the risk of 
myocardial infarction and angina (J. T. Willerson, Circula 
tion, 94:866 (1996); M. L. Simmons et al., Circulation, 
89:596 (1994)). 
[0012] Certain anti-coagulant antibodies are also knoWn. 
Particularly, certain TF-binding antibodies have been 
reported to inhibit blood coagulation, presumably by inter 
fering With assembly of a catalytically active TFzFVIIa com 
plex (see e.g., Jeske et al., SEM in THROM and HEMO, 
22:213 (1996); Ragni et al., Circulation, 93:1913 (1996); 
European Patent No. 0 420 937 B1; W. Ruf et al., Throm. 
Haemost., 66:529 (1991); M. M. Fiorie et al., Blood, 8:3127 
(1 992)). 
[0013] HoWever, current TF-binding antibodies exhibit sig 
ni?cant disadvantages Which can minimize their suitably as 
anti-coagulants. For example, current TF-binding antibodies 
do not exhibit su?icient binding a?inity for optimal anti 
coagulant activity. Accordingly, for many thrombotic condi 
tions, to compensate for such ineffective binding a?inities, 
unacceptably high antibody levels must be administered to 
minimiZe blood coagulation. 
[0014] It Would thus be desirable to have an anti-coagulant 
antibody that binds native human TF With high a?inity and 
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selectivity to thereby inhibit undesired blood coagulation and 
the formation of blood clots. It Would be further desirable to 
have such an anti-coagulant antibody that prevents the bind 
ing of factor X (or factor IX) to TFzFVIIa complex. 

SUMMARY OF THE INVENTION 

[0015] The present invention features methods for prevent 
ing or treating thrombosis in a mammal. In general, the inven 
tion methods feature use of humanized immunoglobins 
including partially humanized antibodies such as chimeric 
antibodies. Also envisioned are use of fragments of such 
immunoglobins, preferably those that bind tissue factor (TF) 
speci?cally. Practice of the invention has a variety of impor 
tant uses including reducing potentially life-threatening vas 
cular thromboses in primates and especially human subjects. 
[0016] Particular methods of the invention help prevent or 
treat one or a combination of vascular thromboses, particu 
larly those impacting arteries and associated vasculature. 
Additionally preferred methods help to maintain vessel 
patency often Without signi?cantly impairing homeostatic 
function. Preferred use of the invention provides an especially 
effective means to block thrombosis at the initial stage of the 
blood coagulation cascade. Internal bleeding complications 
often associated With standard anti-thrombotic therapies is 
reduced or avoided by the invention. 
[0017] Accordingly, and in one aspect, the invention pro 
vides a method for preventing or treating a thrombosis in the 
mammal. In one embodiment, the method includes adminis 
tering to the mammal a therapeutically effective amount of at 
least one humanized antibody, chimeric antibody; or frag 
ment of such antibodies that binds speci?cally to human TF. 
Preferred binding forms a speci?c complex in Which factor X 
or factor IX binding thereto and the FX or FIX activation by 
TF :VIIa are inhibited. Preferred administration of the human 
ized antibodies, chimeric antibodies and fragments are su?i 
cient to prevent or treat one or more thromboses in the mam 

mal. 
[0018] In another aspect, the invention provides a method 
forperforming plastic, reconstructive, or transplant surgery in 
the mammal. In one embodiment, the method includes intro 
ducing a graft into the mammal and contacting the graft With 
a therapeutically effective amount of at least one humanized 
antibody, chimeric antibody, or fragment of the humanized 
antibody or chimeric antibody that binds speci?cally to 
human TF to form a speci?c binding complex. Typical con 
tact With the graft is generally suf?cient to maintain or 
increase patency of the graft as determined by conventional 
methods such as inspection. 
[0019] Particular humanized antibodies for use With the 
invention can be monoclonal. Most speci?cally bind a con 
formational epitope predominant to native human TF, usually 
With strong binding a?inity. Indeed, preferred humanized 
antibodies of the invention bind to native human TF at least 
about 5 times greater, more typically at least about ten times 
greater than the binding a?inity exhibited by certain current 
anti-TF antibodies (see e.g., Jeske et al., SEM in THROM and 
HEMO, 22:213 (1996); Ragni et al., Circulation, 9311913 
(1996); European Patent No. 0 420 937 B1; W. Rufetal., 
Throm. Haemosl., 66:529 (1991); M. M. Fiorie et al., Blood, 
813127 (1992)). Additionally, preferred humanized antibod 
ies of the invention are speci?c for native human TF, and do 
not substantially bind non-native or denatured TF. 
[0020] Additionally preferred humanized antibodies, chi 
meric antibodies, and fragments thereof include at least one 
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hypervariable region from a murine monoclonal antibody, 
preferably the H36.D2.B7 monoclonal (secreted by hybri 
doma ATCC HB-12255 and often referred to as H36). More 
preferred humanized immunoglobins and fragments for use 
With the invention include multiple hypervariable regions of 
the H36.D2.B7 antibody including all of same. Speci?cally 
preferred antibodies for use With the invention have a binding 
speci?city for the TF about equal or greater than the antibody 
obtained from the ATCC deposited cell line H36.D2.B7. 
Nucleic acid and amino acid sequences (SEQ IDzNOS 1-4) of 
the hypervariable regions of the murine H36.D2.B7 antibody 
are set forth in FIGS. 1A and 1B. 

[0021] Practice of the invention is compatible With use of a 
Wide variety of immunoglobins, speci?cally humanized anti 
bodies, humanized chimeric antibodies and fragments of 
such antibodies that bind human TF speci?cally. Preferably, 
substantially of the immunoglobin outside of the hypervari 
able region is humanized although less humanization (or 
more) may be desirable for some applications. For instance, 
FIGS. 6A-D and 13A-D shoW sequences of partially and fully 
humanized light (LC) and heavy chain (HC) variable regions 
of antibodies Well suite for use With the present invention. 
FIGS. 8A-B and 9A-B shoW draWings of preferred human 
ized antibody constant regions. 
[0022] In preferred aspects, the invention methods prevent 
or treat thrombosis in the mammal and may also desirably 
inhibit blood coagulation and blood clot formation, as Well as 
reduce levels of unWanted TF in the mammal. 

[0023] The invention has a Wide variety of uses and ?nds 
particular use in the prevention or treatment of various throm 
boses, particularly to prevent or inhibit restenosis, or other 
thromboses. Such indications can folloW an invasive medical 
procedure such as arterial or cardiac surgery (e.g., angio 
plasty). HoWever, the invention is additionally employed to 
reduce or even effectively eliminate thrombotic occlusion 
arising from activation of blood coagulation in such non 
surgical cardiovascular conditions including but not limited 
to coronary artery disease, acute coronary syndromes (e.g., 
unstable angina and myocardial infarction) and atherosclero 
sis. The invention also can be used to reduce or even effec 
tively eliminate blood coagulation arising from use of a medi 
cal implementation (e.g., a catheter, stent or other medical 
device). Preferred invention methods are generally compat 
ible With many anti-coagulant, anti-platelet and thrombolytic 
therapies, thereby alloWing administration in a cocktail for 
mat, for instance, to boost or prolong inhibition of blood 
coagulation and thrombus formation. 
[0024] The invention methods provided herein can also be 
employed to assist anti-thrombosis efforts by helping to 
decrease coagulation potential in the extracorporeal circula 
tion of a mammal such as a primate and particularly a human 
subject. In such methods, one or more antibodies disclosed 
herein can be administered to the mammal in an amount 
suf?cient to inhibit blood coagulation prior to or during extra 
corporeal circulation such as may occur With cardiopulmo 
nary bypass surgery, organ transplant surgery or other pro 
longed surgeries. 
[0025] In another aspect, the invention provides a kit for 
performing the methods described herein. A particular kit 
includes at least one humanized antibody, chimeric antibody, 
or fragment thereof that binds speci?cally to human tissue 
factor (TF) to form a complex. 
[0026] Other aspects of the invention are discussed infra. 
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BRIEF DESCRIPTION OP THE DRAWINGS 

[0027] PIGS. 1A and 1B shows the nucleic acid (SEQ ID 
NOS:l and 3) and amino acid (SEQ ID NOS:2 and 4) 
sequences of light chain and heavy chain variable regions of 
H36.D2.B7 with hypervariable regions (CDRs or Comple 
mentarity Determining Regions) underlined (single under 
line for nucleic acid sequences and double underline for 
amino acid sequences). 
[0028] PIGS. 2A-B are drawings showing human IgGl 
cH36 HC variable region cloning and expression vectors. HC 
cloning vector (2A) and HC expression vector (2B). 
[0029] PIGS. 3A-B are drawings showing human IgG4 
cH36 HC variable region cloning and expression vectors. HC 
cloning vector (3C) and HC expression vector (3D). 
[0030] PIGS. 4A-B are drawings showing cH36 LC vari 
able region cloning and expression vectors. LC cloning vector 
(4A) and LC expression vector (4B). 
[0031] PIG. 5 is a drawing showing a plasmid map of 
humanized anti-TP IgGl antibody expression vector (pSUN 
34). 
[0032] PIGS. 6A-D are drawings showing sequences of 
partially and fully humanized light chain (LC) variable 
regions. Light chain CDR sequences of cH36 are shown in 
PIGS. 6B-D. Sequence named “LC-09” is representative of a 
fully humanized LC framework region. Immediately follow 
ing the last residue of the framework 4 (PR4) variable domain 
is the ?rst residue of the constant domain for hOAT or hPAT. 
[0033] PIGS. 7A-D are sequences of partially and fully 
humanized heavy chain (LC) variable regions. Heavy chain 
CDR sequences for cH36 and HC-08 are shown in PIGS. 
7B-D. Sequence named “HC-08” is fully humanized HC 
framework region. Except for HC-08, all other HC mutants 
and cH36 contain P at position 64 in CDR2. HC-08 has the 
mutation P64 to L (change from P to L at position 64). 
Immediately following the last residue of the framework 4 
(PR4) variable domain is the ?rst residue of the constant 
domain for OAT or PAT. LC constant are the same for hOAT 
and hPAT. 
[0034] PIGS. 8A-B are drawings showing humanized IgGl 
anti-tissue factor antibody (hOAT (IgGl) constant regions. 
[0035] PIGS. 9A-B are drawings showing humanized IgG 
four anti-tissue factor antibody (hPAT) (IgG4) constant 
regions. Immediately following the last residue of the frame 
work 4 (PR4) variable domain is the ?rst residue of the 
constant domain for hOAT or HPAT. LC constant domain is 
the same for hOAT and HPAT. 
[0036] PIG. 10 is a graph showing platelet deposition in 
endarterectomized chimpanzees 
[0037] PIG. 11 is a graph showing vessel injury/blood 
ratios in endarterectomized chimpanzees 
[0038] PIG. 12 is a graph showing mean bleeding times in 
an angioplasty study performed in cynomolgus monkeys. 
Post cH36 represents the mean (with standard deviation) of 
all bleeding time determinations taken at 1.5 or 4 hours after 
administration of cH36. 
[0039] PIG. 13 is a graph showing mean target/background 
ratio for lllIn-Platelet Deposition. 

DETAILED DESCRIPTION OP THE INVENTION 

[0040] As discussed above, the invention provides a 
method for preventing or treating thrombosis in a mammal 
that includes administering to the mammal a therapeutically 
effective amount of at least one humanized immunoglobin, 
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typically a humanized antibody; chimeric antibody, or frag 
ment of the humanized antibody or chimeric antibody that 
binds speci?cally to human TP (free or in complex with PVIIa 
or PVII) to form a complex. Preferably, factor X or factor IX 
binding to the TP-antibody complex and the PX or PIX acti 
vation by TPzVIIa are inhibited. 

[0041] Thus in one embodiment, the invention provides a 
method for preventing or treating a thrombosis in a mammal 
and particularly a primate such as a human subject. A pre 
ferred method involves administering to the mammal a thera 
peutically effective amount of at least one humanized anti 
body, chimeric antibody, or fragment thereof that binds 
speci?cally to human TP (free or in complex with PVIIa or 
PVII) to form a complex in which factor X or factor IX 
binding to the complex and the PX or PIX activation by 
TPzVIIa are inhibited. Preferred administration routes are 

suf?cient to prevent or treat the thrombosis in the mammal. 

[0042] Preferably, the humanized antibody, humanized chi 
meric antibody or the fragment of the antibody or chimera for 
use with the invention exhibits at least one of: l) a dissocia 
tion constant (K d) for the TP of less than about 0.5 nM; and 2) 
an a?inity constant (K) for the TP of less than about 2><l09 
M_l. An example of a preferred CDR for inclusion in the 
humanized immunoglobins is one derived from the murine 
monoclonal antibody designated H36.D2.B7 (secreted by 
hybridoma ATCC HB-l2255 and often referred to as H36). 
See PIGS. 1A and 1B, for instance as well US. Pat. No. 
5,986,065 and the PCT Application No. PCT/US98/04644 
(WO 98/40408). 
[0043] More particular antibody or chimeric fragments for 
use with the invention will have a molecular weight of at least 
about 40,000 daltons for Pab and about 80,000 daltons for 
Pab(2)', preferably between from about 45,000 daltons to 
about 52,000 daltons for Pab, and between from about 90,000 
daltons to about 104,000 daltons for Pab(2)', more preferably 
about 50,000 for Pab and 100,000 for Pab(2)' as determined 
by routine protein sizing assays such as gel electrophoresis. 
[0044] By the phrase “humanized” is meant an immuno 
globin (typically an antibody) that includes a human frame 
work region and one or more CDRs from a non-human 
source, usually rodent such as a rat or mouse immunoglobin. 
The non-human antibody providing the CDRs is called a 
“donor” and the human immunoglobin called the “acceptor”. 
Constant regions need not be present, as in, for example, 
certain TP binding fragments of such immunoglobins. Pre 
ferred constant regions, if present, are substantially identical 
to human immunoglobin constant regions i.e., at least about 
90% identical with regard to the amino acid sequence, pref 
erably at least about 95% identical or greater. Accordingly, 
nearly all parts of the humanized immunoglobin, with the 
possible exception of the CDRs, are substantially identical to 
corresponding parts of naturally-occurring human immuno 
globin sequences. 
[0045] By the phrase “humanized antibody” is meant an 
antibody that includes a humanized light chain and a human 
ized heavy chain immunoglobin. Also included are partially 
humanized (chimeric) antibodies and fragments of chimeric 
and non-chimeric antibodies that bind TP speci?cally. Meth 
ods for making and using such antibodies have been dis 
closed, for example, in the US. application Ser. No. 09/990, 
586 entitled Antibodies For Inhibiting Blood Coagulation 
and Methods of Use T hereofby Jiao, J. et al.; US. Provisional 



US 2009/0092602 A1 

Application No. 60/343,306 and US. Ser. No. 10/230,880 
entitled Method ofHumanizing Immune System Molecules as 
?led on Aug. 29, 2002. 

[0046] As discussed throughout the US. Pat. No. 5,986, 
065 and the PCT Application No. PCT/US98/04644 (WO 
98/40408), antibodies that include the preferred CDRs of the 
murine H36.D2.B7 antibody typically exhibit substantial 
a?inity for native human TF. In particular, such antibodies 
exhibit an association constant (K,,, M- l) for native human TF 
of at least about 1><108 M“1 as determined by surface plasmon 
analysis (particularly, BIACore analysis in accordance With 
the procedures of the US. Pat. No. 5,986,065; and WO 
98/40408 Which has been disclosed), more preferably at least 
about 5><108 M-1 as determined by surface plasmon analysis, 
still more preferably a K, (K,,, M_l) for native human TF of at 
least about 1><101O M“1 as determined by surface plasmon 
resonance analysis. 

[0047] As also discussed throughout the US. Pat. No. 
5,986,065 and the PCT Application No. PCT/US98/04644 
(WO 98/ 40408), antibodies that include such preferred CDRs 
particularly bind With TF so that FX (or FIX) does not effec 
tively bind to the TF1FVIIa complex Whereby FX (or FIX) is 
not effectively converted to its activated form (FXa or FIXa). 
Particularly preferred humanized antibodies Will strongly 
inhibit FX activation by a TF1FVIIa complex, eg an inhibi 
tion of at least about 50%, more preferably at least about 80%, 
and even more preferably at least about 90% or 95%, even at 

loW lipidated TF concentrations such as less than about 1.0 
nM TF, or even less than about 0.20 nM or 0.10 nM TF, as 
determined by a standard in vitro binding assay (described 
fully in the WO 98/40408 and the US. Pat. No. 5,986,065). 
[0048] By the phrase “chimeric antibody” or related phrase 
including plural forms is meant antibodies Whose light and 
heavy chain genes have been constructed, typically by genetic 
engineering, from immunoglobulin gene segments belonging 
to different species. For example, the variable (V) segments 
of the genes from a mouse monoclonal antibody may be 
joined to human constant (C) segments, such as y (Y1, Y2, Y3, or 
Y4). A typical therapeutic chimeric antibody is thus a hybrid 
protein consisting of the V or antigen-binding domain from a 
mouse antibody and the C or effector domain from a human 
antibody, although other mammalian species may be used. A 
speci?cally preferred chimeric antibody is the cH36 mouse 
human chimera disclosed herein. 

[0049] The humanized antibodies of the present invention 
can be polyclonal or monoclonal, as needed, and may have an 
IgG1 or IgG4 isotype. 
[0050] More particular murine immunoglobin hypervari 
able regions that are preferred antigen binding regions for 
many invention applications are shoWn in FIGS. 1A and 1B 
and SEQ ID NOS. 2 and 4). See also the WO 98/40408 
application, for example. 
[0051] Also preferred for use With the present invention 
methods are humanized antibodies, humanized chimeric anti 
bodies and fragments of same that have at least one hyper 
variable region of a light chain variable region that has high 
sequence identity (at least 90% or 95% amino acid sequence 
identity) to or be the same as one, tWo or three of the corre 
sponding hypervariable regions of the light chain variable 
region of H36.D2.B7 as shoWn in the FIGS. 1A and 1B as 
Well as the PCT/US98/04644 (WO 98/40408). See in particu 
lar those hypervariable regions shoWn With underlining in 
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FIG. 1A and are the following: 1) LASQTID (SEQ ID NO: 5); 
2) AATNLAD (SEQ ID N016); and 3) QQVYSSPFT (SEQ 
ID N017). 
[0052] Especially preferred antibodies for use With the 
present invention Will have one, tWo or three hypervariable 
regions of a heavy chain variable region that have high 
sequence identity (at least 90% or 95% amino acid sequence 
identity) to or be the same as one, tWo or three of the corre 
sponding hypervariable regions of the heavy chain variable 
region of H36.D2.B7 (those hypervariable regions shoWn 
With underlining in FIG. 1B and are the following: 1) 
TDYNVY (SEQ ID NO:8); 2) YIDPYNGITIYDQNFKG 
(SEQ ID N019); and 3) DVTTALDF (SEQ ID NO110). See 
also the PCT/US98/04644 (WO 98/40408) application. 
[0053] Thus in an especially preferred invention embodi 
ment, humanized antibodies, humanized chimeric antibodies, 
and fragments of same Will be substantially the same as and 
preferably identical to the hypervariable regions of the 
murine H36.D2.B7 antibody. 
[0054] Certain humanized chimeric antibodies are also 
suitable for use With the present invention, for example, anti 
body molecules that combine a non-human animal variable 
region and a human constant region, thereby rendering the 
antibodies less immunogenic in a human subject than the 
corresponding non-chimeric antibody. A variety of types of 
such chimeric antibodies can be prepared, including eg by 
producing human variable region chimeras, in which parts of 
the variable regions, especially conserved regions of the anti 
gen-binding domain, are of human origin and only the hyper 
variable regions are of non-human origin. See the US. Pat. 
No. 5,986,065 and the PCT/US98/04644 (WO 98/40408) 
application. See also discussions of humanized chimeric anti 
bodies and methods of producing same in S. L. Morrison, 
Science, 22911202-1207 (1985); Oi et al., BioTechniques, 
4:214 (1986); Teng et al., Proc. Natl. Acad. Sci. U.S.A., 
8017308-7312 (1983); Kozbor et al., Immunology Today, 
417279 (9183); Olsson et al., Melh. Enzym0l., 913-16 (1982). 
Additionally, transgenic mice can be employed. For example, 
transgenic mice carrying human antibody repertoires have 
been created Which can be immunized With native human TF. 
Splenocytes from such immunized transgenic mice can then 
be used to create hybridomas that secrete human monoclonal 
antibodies that speci?cally react With native human TF as 
described above. See N. Lonberg et al., Nature, 3681856-859 
(1994); L. L. Green et al., Nature Genet., 7:13-21 (1994); S. 
L. Morrison, Proc. Natl. Acad. Sci. U.S.A., 8116851-6855 
(1 994). 
[0055] See the US. Pat. No. 5,986,065 and the PCT/US98/ 
04644 (WO 98/40408) application for more information 
relating to making and using the murine H36.D2.B7 immu 
noglobin as Well as related antibodies. 

[0056] “Humanized antibody of the invention” or other 
similar term refers to humanized Whole immunoglobulin as 
Well as immunologically active fragments Which bind native 
human TF. The humanized immunoglobulins and immuno 
logically active fragments thereof include an epitope-binding 
site (i.e., a site or epitope capable of being speci?cally bound 
by an antibody recognizing native human TF). Exemplary 
antibody fragments include, for example, Fab, F(v), Fab‘, 
F(ab')2 fragments, “half molecules” derived by reducing the 
disul?de bonds of immunoglobulins, single chain immuno 
globulins, or other suitable antigen binding fragments (see 
e.g., Bird et al., Science, 2421 423-426 (1988); Huston et al., 
PNAS, (USA), 8515879 (1988); Webber et al., Mol. ImmunoL, 
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32:249 (1995)). The antibody or immunologically active 
fragment thereof may be of animal (e.g., a rodent such as a 
mouse or a rat), or chimeric form (see Morrison et al., PNAS, 
81 :6851 (1984); Jones et al., Nature, 321 : 522 (1986)). Single 
chain antibodies can be preferred for some invention appli 
cations as Well as TP binding fragments thereof. 
[0057] By the phrase “speci?c binding” is meant that the 
humanized antibodies form a detectable binding complex 
With the TP and no other antigen as determined by standard 
immunological techniques such as RIA, Western blot or 
ELISA. 
[0058] Typically preferred humanized antibodies for use 
With the invention have a binding speci?city for tissue factor, 
preferably human TP, that is about equal or greater than the 
antibody obtained from H36.D2.B7 deposited under ATCC 
Accession No. HB-12255. Methods for determining binding 
speci?city and a?inity are knoWn in the ?eld and include 
speci?c assays described in the US. Pat. No. 5,986,065 and 
the PCT/U S98/ 04644 (WO 98/40408) application, for 
instance. 
[0059] As mentioned, it is an object of the present invention 
to provide effective methods for preventing, treating, delay 
ing onset of or relieving symptoms associated With one or a 
combination of thromboses that can in?ict a mammal. 

[0060] In one embodiment, folloWing about 5 minutes after 
administration of the humanized antibody, chimeric antibody 
or fragment, the mammal exhibits a blood clotting time of 
betWeen from about 50 to about 350 seconds as determined by 
a standard prothrombin (PT) time assay. The standard PT 
assay is discussed beloW. See also Example 3 and the US. Pat. 
No. 5,986,065 and the PCT/US98/04644 (WO 98/40408) for 
related disclosure. 
[0061] In another embodiment of the method, the amount 
of the administered humanized antibody, chimeric antibody, 
or fragment of the humanized antibody or chimera is su?i 
cient to inhibit platelet deposition time by at least about 50% 
as determined by a standard platelet deposition assay, prefer 
ably at least about 70% or about 95%. 
[0062] By the phrase “standard platelet deposition assay” 
or related phrase is meant performing at least one and pref 
erably all of the folloWing steps. 
[0063] a) exposing tissue factor in a vessel ofa subject e.g., 
by performing surgery such as an endarterectomy on a major 
vessel, preferably an artery, 
[0064] b) detectably-labeling platelets deposited at the site 
of injury e.g., by labeling the platelets With radioactive 
indium according to conventional methods; and 
[0065] c) detecting and preferably quantifying the amount 
of deposited (labeled) platelets such as by camera imaging. 
[0066] The standard platelet deposition assay is preferably 
performed by administering at least one of the humanized 
antibodies (including chimerics) described herein including 
fragments to the subject prior to step c), for instance, after step 
a) or b). Performance of a particular antibody or fragment can 
be compared against a suitable control such as buffer or 
physiological saline. A preferred assay is described beloW in 
Example 4. 
[0067] Other embodiments of the present invention meth 
ods are contemplated. For example, according to one embodi 
ment, the administered humanized antibody, humanized chi 
meric antibody, or fragment reduces vessel injury to blood 
ratio by at least about 50% as determined by a standard vessel 
injury to blood ratio assay as described beloW in Example 4, 
preferably at least about 70% or about 95%. 
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[0068] Reference herein to “standard vessel injury to blood 
ratio assay” or related phrase means performing at least one 
and preferably all of the folloWing steps. 
[0069] a) exposing tissue factor in a vessel of a subject e.g., 
by performing surgery such as an endarterectomy on a major 
vessel, preferably an artery, 
[0070] b) detectably-labeling platelets deposited at the site 
of injury e.g., by use of radioactive indium, 
[0071] c) detecting and preferably quantifying the amount 
of detectably-labeled platelets at the site of vessel injury, 
[0072] d) detecting and preferably quantifying the amount 
of detectably-labeled platelets in the blood of the subject; and 
[0073] e) expressing the amounts of c) and d) as the ratio of 
platelet deposition at vessel injury site to circulating platelets 
in the blood. 
[0074] The standard vessel injury to blood ratio assay is 
preferably performed by administering at least one of the 
humanized antibodies (including chimeric s) described herein 
including fragments to the subject prior to step e), for 
instance, after step a) or b). Performance of a particular anti 
body or fragment can be compared against a suitable control 
as already described. A preferred assay is described beloW in 
Example 4. 
[0075] In another embodiment, the amount of the adminis 
tered humanized antibody, humanized chimeric antibody, or 
fragment administered to the mammal increases vessel 
patency by at least about 50%, preferably at least about 80%, 
more preferably at least about 100% as determined by a 
standard vessel patency assay. Patency Was determined at 30 
days folloWing surgery by harvesting the vessels and placing 
them in ?xative. 
[0076] Reference herein to a “standard vessel patency 
assay” or related phrase means detecting and preferably 
quantifying an increase in vessel patency usually by inspec 
tion. Those of skill in the ?eld that changes in vessel patency 
can be readily ascertained by visualization Which may or may 
not be assisted by magni?cation of subject tissue such as With 
the aid of a microscopic lens or related device. Typically, the 
increase is compared to a suitable control Which in many 
instances can be administration of buffer, physiological 
saline, etc. to the mammal in lieu of the antibody or fragment. 
[0077] As Will be appreciated, immunoglobin light and 
heavy chain share certain structural similarities e. g., each 
includes a framework of four regions (PR1 -4) Whose 
sequences are relatively conserved. Each of PR1 -4 (PR1, 
PR2, PR3, PR4) are covalently connected by three CDRs i.e., 
CDR1, CDR2, CDR3. There is general recognition that the 
four PRs largely adopt a beta-sheet con?guration and the 
interconnected CDRs form loops connecting, and in some 
instances, forming part of the beta-sheet structure. Most 
CDRs are held close to adjoining PRs, and With a correspond 
ing CDR from the opposite light or heavy chain, help form the 
antigen binding site. A Wide range of CDRs and PRs have 
been disclosed. See e.g., Kabat et al. in Sequences of proteins 
oflmmunological Interest US Dept. of Health and Human 
Services, US Government Printing O?ice (1987). 
[0078] See also EP-A-0239400 and US. Pat. No. 5,985, 
279 (describing methods of making altered antibodies in 
Which CDRs are derived from different species than the PR). 
[0079] For example, an illustrative humanized antibody for 
use With the present invention methods includes: 1) light and 
heavy chain frameWorks (PRs) that are each at least about 
90% identical in amino acid sequence, preferably at least 95% 
identical to corresponding human PRs, 2) at least one CDR 




















































































































